This study was performed to compare the therapeutic efficacy of cefuroxime with that of cefotaxime as initial antimicrobial therapies in women with complicated nonobstructive acute pyelonephritis (APN) caused by Enterobacteriaceae infections. The clinical characteristics and outcomes of a cefuroxime-treated group (n ‫؍‬ 156) were compared with those of a cefotaxime-treated group (n ‫؍‬ 166). Of these 322 women, 90 from each group were matched by propensity scores. The defervescence rates were not significantly different in the cefuroxime and cefotaxime groups at 72 h after the start of antimicrobial therapy (81.1% versus 78.9%, P ‫؍‬ 0.709). The clinical and microbiological cure rates during the follow-up visits that were 4 to 14 days after the end of the antimicrobial therapies were not significantly different in the cefuroxime versus cefotaxime groups, which were 97.8% (87/ 89) versus 97.8% (87/89) (P > 0.999) and 89.5% (68/76) versus 90.7% (68/75) (P ‫؍‬ 0.807), respectively. The median hospital stay duration and the median times to defervescence in the cefuroxime versus cefotaxime groups were 8 days (interquartile range [IQR], 7 to 10 days) versus 9 days (IQR, 7 to 11 days), respectively, and 55 h (IQR, 37 to 70 h) versus 55 h (IQR, 35 to 69 h), respectively. Bacteremia, extended-spectrum-␤-lactamase-producing Enterobacteriaceae, C-reactive protein levels of >15 mg/dl, and white blood cell counts of >15,000/mm 3 of blood had independent effects on the rates of early clinical failure. Our data suggest that the effects of cefuroxime are not different from those of cefotaxime when they are used as an initial antimicrobial treatments for community-onset complicated nonobstructive APN in women. C ommunity-onset complicated acute pyelonephritis (APN) includes nonobstructive complicated APN and obstructive complicated APN, with the obstructive form requiring drainage and antimicrobial treatment. Extended-spectrum cephalosporin, penicillin with a ␤-lactamase inhibitor, an aminoglycoside, and a carbapenem are recommended as the initial antimicrobial agents for the treatment of complicated APN, which includes urosepsis, obstructive complicated APN, and health care-associated catheter-associated complicated APN (1-3).
C
ommunity-onset complicated acute pyelonephritis (APN) includes nonobstructive complicated APN and obstructive complicated APN, with the obstructive form requiring drainage and antimicrobial treatment. Extended-spectrum cephalosporin, penicillin with a ␤-lactamase inhibitor, an aminoglycoside, and a carbapenem are recommended as the initial antimicrobial agents for the treatment of complicated APN, which includes urosepsis, obstructive complicated APN, and health care-associated catheter-associated complicated APN (1) (2) (3) .
However, we hypothesized that more step-down antibiotics, such as cefuroxime, can effectively be used for the treatment of community-onset nonobstructive complicated APN, the patient population of which is more homogeneous and the uropathogens are more susceptible to cephalosporin treatment than those for the obstructive form (4, 5) . The antimicrobial susceptibilities of uropathogens in community-onset nonobstructive complicated APN may be more similar to those in uncomplicated APN rather than those in health care-associated or catheter-associated urinary tract infections (UTIs).
In the classification of UTIs and APNs, community-onset diabetic or elderly women with APN are usually included in the complicated APN subtype and may be treated initially with antimicrobial agents, which are recommended for complicated UTIs, although the antimicrobial susceptibilities of the uropathogens in community-onset nonobstructive complicated APNs are likely to be similar to those in uncomplicated APNs (2, 6) . As multiresistant bacteria are recently on the increase, using step-down antibiotics is a necessity, both for the least ecological adverse effects and for the reduction in health costs.
Although cefuroxime has been used as a treatment for APN since the late 1970s, extended-spectrum cephalosporins, such as cefotaxime and ceftriaxone, have more commonly been recommended for the treatment of APN based on several guidelines and recent clinical trial results (7) (8) (9) . To verify the effects of cefuroxime as a treatment for complicated APN, we need clinical studies that compare the efficacies of cefuroxime and cefotaxime in community-onset complicated APN cases. The purpose of this study was to compare the therapeutic efficacies of intravenous cefuroxime and cefotaxime as an initial antimicrobial therapy for the treatment of women in the Republic of Korea with community-onset complicated nonobstructive APN due to Enterobacteriaceae infection.
MATERIALS AND METHODS

Study design.
We conducted a retrospective cohort study from 1 February 2011 to 30 June 2014 that included women with community-onset complicated nonobstructive APN due to Enterobacteriaceae infections. This study was conducted at Catholic University St. Vincent's Hospital, a teaching hospital in Suwon City, South Korea, according to the protocols approved by the St. Vincent's Hospital institutional review board (IRB). The IRB waived the requirement to obtain a patient written informed consent.
Patient population. Hospitalized women (age Ն18 years) with community-onset nonobstructive complicated APN due to Enterobacteriaceae infections who required parenteral antibiotic therapy were analyzed following a review in the hospital database of the medical records of women with APN as a discharge diagnosis between 1 February 2011 and 30 June 2014. Finally, women with nonobstructive complicated APN who received cefuroxime or cefotaxime as an initial antimicrobial therapy were enrolled into the study. APN was defined as a fever of Ն38.0°C and the presence of pyuria and bacteriuria. Pyuria was defined as the presence of 5 to Ն9 leukocytes per high-power field of clean voided midstream urine. Bacteriuria was defined as the isolation of a single uropathogen (Ն10 5 CFU/ml of urine) (10, 11) . Patients were excluded if they had a urinary catheter-related infection or developed fever or urinary symptoms Ͼ48 h after hospital admission or needed a urological interventional procedure, such as catheterization, percutaneous drainage, or surgery to relieve the urinary obstruction. Patients who did not have a complicating factor or computerized tomography (CT) findings of APN were also excluded.
Complicated APN was defined as APN and the presence of any of the following: urinary tract abnormalities (e.g., vesicoureteral reflux, urolithiasis, neurogenic bladder, polycystic kidney disease, or anomaly of urinary tract), comorbid conditions (e.g., chronic liver disease, chronic kidney disease, congestive heart failure, diabetes mellitus, immunosuppression, kidney transplantation, malignancy, and pregnancy), or age Ͼ 65 years (2, 3, 12) . Finally, women age Ն18 years with community-onset nonobstructive complicated APN who initially received either cefuroxime or cefotaxime were included in the study.
Data collection. Demographic and clinical characteristics were collected by reviewing medical records retrospectively for all of the eligible patients. Age, history (of antibiotic use, urinary tract infection, hospitalization, and comorbid conditions), lower and upper urinary tract symptoms, physical manifestations, laboratory test results, intravenous and oral antibiotic administration durations, and microbiological laboratory results were analyzed. The hours to defervescence, hospitalization days, and mortality were included as variables to reveal clinical outcomes. Defervescence and clinical and microbiological cures were assessed at 72 h following the cefuroxime or cefotaxime treatments, at the 4-to 14-day follow-up, and at the 21-to 35-day follow-up visit after the end of antimicrobial therapy (EOT).
Clinical outcome measures and definitions. Clinical outcomes were measured in terms of clinical success, hospitalization days, and time to defervescence after the start of the cefotaxime or cefuroxime therapies. Defervescence was defined as an afebrile state in which the (tympanic) body temperature was maintained at Յ37.0°C for Ն24 h. The time to defervescence was defined as the time from the start of intravenous cefotaxime or cefuroxime therapy to an afebrile state (11) .
The early clinical outcome were assessed at 72 h after the initial administration of antibiotics. Early clinical success was defined as defervescence with an improvement in urinary tract symptoms or signs within 72 h after the initial administration of cefotaxime or cefuroxime therapy (13) . Clinical cure was defined as defervescence and the absence of urinary tract symptoms or signs at the 4-to 14-day and 21-to 35-day follow-ups after the EOT, when available. The patients who did not satisfy the criteria for early clinical success or clinical cure were considered early clinical failures or clinical failures, respectively.
Microbiological outcome measures and definitions. The species identification and in vitro antimicrobial susceptibility results from urine and blood culture tests at admission were assessed and analyzed. Species identification and susceptibility to antimicrobial agents were determined by means of either a semiautomated system (Vitek; bioMérieux, Hazelwood, MO) or disk diffusion susceptibility tests, according to the Clinical and Laboratory Standards Institute (CLSI) criteria (14, 15) . Uropathogens were defined as those detected at Ն10 5 CFU/ml of identified organisms on urine culture, or the isolation of urinary pathogens from blood cultures. The urine culture results were also assessed at the 4-to 14-day follow-up and at the 21-to 35-day follow-up after the EOT, when available. A microbiological cure was defined as the eradication of all uropathogens or a reduction in the urine pathogen level from Ն10 5 CFU/ml to Ͻ10 3 CFU/ml, with no pathogen present in the blood. Those patients who did not satisfy the criteria for microbiological cure were regarded as microbiological failures.
Statistical methods. Clinical data, laboratory data, and patient clinical outcomes were compared by using Fisher's exact test or the Pearson chisquare test for categorical variables and an independent t test or the Mann-Whitney test for continuous variables. A multiple logistic regression analysis was performed to evaluate the effects of independent variables on early clinical failure in the complicated nonobstructive APN patients who were treated with cefuroxime or cefotaxime. A retrospective propensity score-matched case-control analysis was performed in order to overcome confounding variables in the choice of initial antimicrobial agent. A P value of Ͻ0.05 (two-sided) was considered statistically significant. SPSS version 21.0 for Windows (SPSS, Inc., Chicago, IL) was used for the statistical analyses.
RESULTS
Demographic and clinical characteristics.
A total of 896 women were identified with community-onset APN as a discharge diagnosis. Of these, 322 cases who received cefuroxime or cefotaxime as initial antibiotics for community-onset complicated nonobstructive APN due to Enterobacteriaceae infection were enrolled and analyzed. Of the 322 patients, 156 (48.4%) received cefuroxime, and 166 (51.6%) received cefotaxime. Table 1 Table 1 ). There were no significant differences in initial body temperature, lower urinary tract infection symptoms, nausea/vomiting, leukocyte counts, Creactive protein (CRP) levels, hematuria, bacteremia, or numbers of postmenopausal women between the two groups. The frequency of costovertebral angle tenderness was significantly higher in the cefuroxime group than in the cefotaxime group (P ϭ 0.001).
No differences between the two groups were observed in the histories of UTI, antibiotic usage frequency, or history of hospitalization within 12 months before the hospital visit. There were also no significant differences in underlying diseases, except for cerebrovascular disorders, between the cefuroxime and cefotaxime groups. Additionally, the prevalences of cefotaxime-resistant Enterobacteriaceae, fluoroquinolone-resistant Enterobacteriaceae, and extended-spectrum ␤-lactamase [ESBL]-producing Enterobacteriaceae were also not significantly different between the two groups ( Table 1) .
Microbiological data. Of the 322 cases, Escherichia coli was the most common pathogen (285 patients [88.5%]), and non-E. coli Enterobacteriaceae were isolated from 37 patients (11.5%). The non-E. coli Enterobacteriaceae infections comprised 23 Klebsiella pneumoniae, 6 Enterobacter aerogenes, 3 Proteus mirabilis, and 2 Citrobacter koseri cases and 1 case each of Klebsiella oxytoca, Enterobacter cloacae, and Morganella morganii.
For the ␤-lactams, the 322 Enterobacteriaceae isolates had the highest rate of susceptibility to imipenem (98.8%), followed by piperacillin-tazobactam (94.1%), cefepime (93.5%), cefotaxime (88.8%), amoxicillin-clavulanate (80.0%), first-generation cephalosporins (73.5%), and ampicillin (34.0%). The rates of susceptibility for the 322 Enterobacteriaceae isolates to fluoroquinolone (FQ), trimethoprim-sulfamethoxazole (SXT), amikacin, and gentamicin were 78.3%, 72.7%, 99.4%, and 82.0%, respectively. There were no significant differences between the cefuroxime and cefotaxime groups in the rates of susceptibility to the ␤-lactam antibiotics, FQ, SXT, amikacin, and gentamicin.
Baseline characteristics and clinical outcomes of the women with complicated APN after propensity score matching. Of the 322 patients, 90 patients in the cefuroxime-treated group were matched with 90 patients in the cefotaxime-treated group with the closest propensity scores. Following propensity score matching, the two groups were well matched, and no significant differences in demographic characteristics or underlying diseases were observed between the two groups ( Table 2 ). In the unmatched anal- 51.0 to 63.6 h) for the cefotaxime group (P ϭ 0.710) (Fig. 1) (Table 3) . Factors related to early clinical failure in women with community-onset nonobstructive APN. Among the 322 cases, 261 cases were placed in the early clinical success group (at 72 h) and 61 in the early clinical failure group. There were no significant differences in the mean age, initial body temperature, frequency of lower UTI symptoms, costovertebral angle tenderness, previous UTI history, antibiotic usage within 1 year, and history of hospital admission within 1 year. The proportion of postmenopausal women was significantly higher in the early clinical failure group than that in the early clinical success group (98.4% versus 88.9%, respectively; P ϭ 0.025). The proportions of patients who had initial leukocyte counts of Ն15,000/mm 3 of blood (39.3% versus 20.3%, P ϭ 0.002), an initial serum CRP level of Ն15 mg/dl (62.3% versus 29.5%, P Ͻ 0.001), and bacteremia (65.6% versus 43.7%, P ϭ 0.003) were significantly higher in the early clinical failure group than in the early clinical success group (Table 4) . However, there were no significant differences between the early clinical failure and clinical success groups in the proportions of uropathogens that were resistant to ampicillin, amoxicillin-clavulanate, gentamicin, amikacin, cefazolin, cefotaxime, ceftazidime, cefepime, fluoroquinolone, trimethoprim-sulfamethoxazole, piperacillin-tazobactam, imipenem, cefoxitin, and ESBL-producing uropathogens. There were also no significant differences between the early clinical failure and clinical success groups in the frequencies of diabetes, hypertension, cerebrovascular diseases, congestive heart failure, chronic liver diseases, chronic lung diseases, malignancy, neurogenic bladder, and polycystic kidney disease. Although the median hospital stay durations (11 [IQR, 9 to 14] days versus 8 [IQR, 7 to 10] days; P Ͻ 0.001) were longer in the early clinical failure group, there were no significant differences in the overall clinical cure rates (96.7% versus 98.5% for the early clinical failure and success groups, respectively; P ϭ 0.358) at the follow-up visit 4 to 14 days after the EOT. However, the microbiological cure rate at the follow-up visit 4 to 14 days after the EOT was significantly higher in the early clinical success group than in the early clinical failure group (91.7% versus 76.0%, respectively; P ϭ 0.002) ( Table 4) .
Regarding the multiple logistic regression analysis, bacteremia, extended-spectrum ␤-lactamase (ESBL)-producing Enterobacteriaceae, initial serum C-reactive protein of Ն15 mg/dl, and white blood cell counts of Ն15,000/mm 3 of blood were significantly associated with early clinical failure (P ϭ 0.040, ϭ 0.043, Ͻ 0.001, and ϭ 0.010, respectively) ( ϩ Enterobacteriaceae infections were switched to alternative intravenous therapy: 10 (25.6%), 3 (7.7%), 1 (2.6%), 1 (2.6%), and 1 (2.6%) were switched to piperacillin-tazobactam, amikacin, meropenem, cefepime, and intravenous ciprofloxacin, respectively, after 3 to 4 days of cefuroxime or cefotaxime monotherapy. Eight of these 16 patients reached defervescence before receiving alternative intravenous antibiotics. Twenty-three (59.0%) of 39 patients with ESBL ϩ Enterobacteriaceae infections received continuing cefuroxime (11 patients) or cefotaxime (12 patients) therapy before switching to oral antibiotic therapy: 20 (51.3%), 1 (2.6%), 1 (2.6%), and 1 (2.6%) reached defervescence within 72, 96, 120, and 144 h, respectively, of starting cefuroxime or cefotaxime therapy. The early clinical success rates were 71.8% (28/39) versus 82.3% (233/283) at 72 h in the ESBL ϩ versus ESBL Ϫ groups, respectively (P ϭ 0.115). The clinical and microbiological cure rates in the ESBL ϩ versus ESBL Ϫ groups at the follow-up visit 4 to 14 days after the EOT were 97.4% (38/39) versus 98.2% (275/ 280) and 81.8% (27/33) versus 89.7% (210/234), respectively, which are not significantly different (P ϭ 0.546 and 0.177). The median times to defervescence were 54 h (IQR, 35 to 70 h) and 55 h (IQR, 31 to 85 h) in the ESBL ϩ and ESBL Ϫ groups, respectively (P ϭ 0.741). The median hospital stay durations in the ESBL ϩ and ESBL Ϫ groups were 11 days (IQR, 8 to 14 days) and 8 days (IQR, 7 to 10 days) days, respectively (P Ͻ 0.001). However, no complications, such as septic shock, renal abscess, or death, occurred in either the ESBL ϩ or ESBL Ϫ groups.
DISCUSSION
This study shows that the efficacy of cefuroxime, a second-generation cephalosporin, was similar to that of cefotaxime, a thirdgeneration cephalosporin, as an initial antimicrobial therapy for community-onset complicated nonobstructive APN. In the propensity score-matched case-control analysis, the clinical cure and microbiological cure rates 4 to 14 days after the end of the antimicrobial therapies were 97.8% versus 97.8% and 89.5% versus 90.7% in the cefuroxime-or cefotaxime-treated women, respectively, with complicated nonobstructive APN. Additionally, the early clinical success rates at 72 h after the start of the cefuroxime or cefotaxime therapy were not significantly different (81.1% versus 78.9%, respectively). Although complicated APN is a common disease entity that physicians have to manage, the efficacies of different antibiotics are not established for the treatment of complicated APN based on subclassifications, such as nonobstructive or obstructive or health care-associated complicated APN types, because most clinical evidence on antimicrobial therapy is from uncomplicated APN cases (2, 3, 16) . In this study, we found that the cefuroxime efficacies were comparable to the cefotaxime efficacies, and these data suggest that cefuroxime and extended-spectrum cephalosporins, such as cefotaxime, can also be used as an initial antimicrobial agent for the treatment of community-onset complicated nonobstructive APN.
Antimicrobial therapy for complicated APN is recommended to be guided by urine culture results or the presence of other complicating factors, as complicated APN may occur in heterogeneous patient groups with a wide variety of urinary tract abnormalities (16, 17) . Additionally, clinicians should consider complicating factors when making decisions for the treatment of complicated APN, especially in patients who have risk factors for poor clinical response (18) (19) (20) . In this study, there were no significant differences between the early clinical failure and success groups in the proportions of uropathogens that were resistant to antimicrobial agents, such as ampicillin, cefazolin, cefoxitin, cefotaxime, cefepime, fluoroquinolone, and uropathogens that produce ESBL. In this study, the variables that were predictive of early clinical failure were parameters that reflected infection severity, such as bacteremia, serum CRP levels, and leukocyte counts in the blood, as well as ESBL-producing uropathogens; however, initial intravenous antibiotics, menopause, underlying diseases, and a history of antibiotic usage or prior hospitalization were not considered to be variables associated with early clinical failure. As extended-spectrum cephalosporins, such as cefotaxime or ceftriaxone, are commonly recommended in clinical practice guidelines as empirical antibiotics for uncomplicated APN (8) , many clinicians prefer to use the third-generation cephalosporins rather than second-generation cephalosporins. Furthermore, some clinicians may prefer to use fourth-generation cephalosporins, carbapenem, or piperacillin-tazobactam because of the greater likelihood of ESBL-producing uropathogens being present in women with complicated APN (21) . As complicated APN includes more heterogeneous groups, such as obstructive APN, health care-associated APN, and community-onset complicated nonobstructive APN, it is difficult for clinicians to choose adequate and economic agents as the initial empirical antibiotics in the treatment of complicated APN. Therefore, we investigated and compared the therapeutic efficacies of cefuroxime and cefotaxime only in women with complicated nonobstructive APN.
This study has a few limitations. First, the therapeutic efficacies of cefuroxime and cefotaxime can be confounded, as the choice of initial antimicrobial agent may be influenced by underlying disease(s), initial laboratory findings, or other prognostic factors; therefore, we performed a propensity score-matched analysis to overcome this potential bias. Second, we excluded patients with obstructive APN that required urological interventions, and these exclusion criteria may have skewed the results of the study. Third, we considered that all of cases with microbiological failure in the follow-up microbiological assessment had recurrences due to bacterial relapse, as there were no changes in bacterial species; however, some cases with microbiological failure might be reinfected with a different serotype of the same species.
In conclusion, cefuroxime, the second-generation cephalosporin, was as effective as cefotaxime, the third-generation cephalosporin, in the initial empirical treatment of community-onset nonobstructive complicated APN in this study. Cefuroxime can be used as an economical, broad-spectrum cephalosporin-sparing, and fluoroquinolone-sparing antibiotic option in the treatment of complicated nonobstructive APN. Much larger prospective randomized trials comparing the therapeutic efficacies of second-generation cephalosporins with those of third-generation cephalosporins for the treatment of community-onset nonobstructive complicated APN are needed in the future.
